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SUMMARY 
Requirements were determined f o r  a  ba l loon  coupling,  o r  t r a n s f e r  
f i t t i n g ,  which al lows t h e  ba l loons  of a  mu l t ip l e  bal loon system t o  be 
separa ted  i n  f l i g h t ,  thereby enhancing system performance. De ta i l  pro- 
t o type  design was completed and the  major subassembly f a b r i c a t e d .  The 
concept and des ign  a r e  descr ibed  by r e fe rence  t o  the  design l ayou t  and 
photographs of t h e  prototype hardware. 
INTRODUCTION 
Mul t ip le  ba l loon  systems which c o n s i s t  of two o r  more ba l loons  of 
i nc reas ing  s i z e ,  each connected t o  t h e  next  by a gas  t r a n s f e r  passage, 
have up t o  t h i s  time been inseparably  connected on the  ground before  
i n f l a t i o n  of t h e  sma l l e s t  ba l loon .  During ascent  a s  t h e  expanding gas  
f i l l s  each succeedingly l a r g e r  ba l loon  the  smal le r  ba l loons  c a r r y  de- 
c reas ing  propor t ions  of t he  t o t a l  load .  A t  some a l t i t u d e  determined 
by the  volume and weight of t h e  smal le r  bal loon i t  i s  no longer  buoy- 
a n t ,  and i t  becomes a dead weight which the  l a r g e r  ba l loon  must ca r ry .  
A device  al lowing the  smaller  ba l loon  t o  be j e t t i s o n e d  before  i t  be- 
comes a load  on the  l a r g e r  ba l loon  w i l l  i nc rease  the  u l t i m a t e  a l t i t u d e  
of t he  f l i g h t  o r  i nc rease  the  payload capac i ty .  
PERFORMANCE REQUIREMENTS 
A device which f i l l s  t he  need descr ibed  above must a l s o  f i t  i n  
wi th  t h e  mode of opera t ion  of t he  f i e l d  crew and wi th  e s t a b l i s h e d  
f l i g h t  procedures.  It should n o t  make t h e  opera t ion  l e s s  e f f i c i e n t  
while  providing the  unique j e t t i s o n i n g  f ea tu re .  The device must meet 
a t  l e a s t  t he  fol lowing s p e c i f i c a t i o n s .  
1. Allow normal t r a n s f e r  of gas  r e l i a b l y .  
2. Be d isconnectab le  r e l i a b l y  i n  f l i g h t  under a l l  pos s ib l e  loads  
from zero t o  maximum. 
3 .  Allow j e t t i s o n i n g  a t  a predetermined load ( a l t i t u d e ) .  
4. Close t h e  t r a n s f e r  passage i n  t h e  l a r g e r  bal loon immediately 
and r e l i a b l y  when the  smal le r  ba l loon  i s  j e t t i s o n e d .  
5. Provide f o r  normal valving of t h e  l a r g e r  bal loon a f t e r  j e t t i -  
soning t h e  smal le r  bal loon.  
One add i t i ona l  f e a t u r e  would be d e s i r a b l e  bu t  n o t  mandatory: 
6. Allow quick, simple, r e l i a b l e  attachment of the  l a r g e r  bal loon 
t o  the  base of t h e  i n f l a t e d  smal le r  bal loon j u s t  p r i o r  t o  
1 aunch . 
7. I f  f e a t u r e  6 i s  included,  the  device must a l s o  provide f o r  
s ea l ing  the  smal le r  bal loon t o  prevent  a i r  from being forced  
i n  during i n f l a t i o n .  
C ONFIGURATION 
The requirements  t h a t  t h e  t r a n s f e r  ho le  be closed a f t e r  
j e t t i s o n i n g  and t h a t  normal valving of t h e  l a r g e r  bal loon be allowed 
c a l l  f o r  a  va lve  somewhere i n  t he  device which r u l e s  out  t he  s imples t  
method of t r a n s f e r ,  t h e  open duct .  Refer r ing  t o  photos of t he  proto-  
type hardware, where app ropr i a t e ,  the  genera l  so lu t ions  t o  each r e -  
quirement follow: 
a 1. An open duct  i s  t h e  s imples t  method of allowing t r a n s f e r  of 
gas  between t h e  two ba l loons .  But s i n c e  t h e r e  must be a  va lve  i n  t he  
duc t  t he  more r e l i a b l e  method of opening the  duct  i s  t o  use  the  a v a i l -  
a b l e  fo rce  between t h e  two ba l loons  t o  a c t u a t e  t he  valve.  S u f f i c i e n t  
f o r c e  i s  always a v a i l a b l e  when t h e  va lve  must be open and t h e r e  need 
be no e x t e r n a l  commands t o  apply the  fo rce .  When the smal le r  ba l loon  
must be j e t t i s o n e d  the  r e l a t i v e  f o r c e  between the  two ba l loons  has  be- 
come small and t h e  va lve  w i l l  c l o se .  There can be no human e r r o r s  o r  
command f a i l u r e s  causing t h e  va lve  t o  be ac tua ted  e i t h e r  open o r  c losed  
i n  t he  wrong sequence. 
2. Re l i ab l e  j e t t i s o n i n g  can b e s t  be accomplished by the  use  of 
proven hardware i n  simple arrangements. Mechanical disconnect  i s  ac- 
complished wi th  a  s ing le -po in t  a i r c r a f t - q u a l i f i e d  pyrotechnic separa-  
t o r .  The sepa ra to r  opera tes  under any load  from zero t o  maximum r a t e d  
load  and does n o t  depend on loading f o r  disengagement. The f a b r i c  gas  
passage tube i s  separa ted  e i t h e r  by mild de tona t ing  fuze ,  explos ive  
cord o r  Pyrofuze. 
3. I f  d i sconnect ing  a t  a  pre-determined load  i s  des i r ed ,  
p rovis ion  i s  made f o r  l oad -ce l l  monitoring of t he  r e l a t i v e  fo rce  be- 
tween the  two ba l loons .  The load c e l l  may be omitted i f  fo rce  measure- 
ment i s  n o t  needed. A s i n g l e  po in t  mechanical connection allows the  
s imples t  method of  fo rce  measurement. Only a  s i n g l e  l oad  c e l l  i s  r e -  
qu i red  and no complicated c a l i b r a t i o n  o r  summing of fo rces  i s  r equ i r ed .  
The s i n g l e  connect ion po in t  and t h e  e n t i r e  va lve  assembly a r e  shown i n  
t h e  photograph, F ig .  3. 
4. The t r a n s f e r  passage i s  c losed immediately and simply when 
t h e  smaller  ba l loon  i s  j e t t i s o n e d  by spr ing  loading the  va lve  t o  c l o s e  
and clamp when t h e  ex t e rna l  f o r c e  from t h e  smal le r  bal loon i s  removed. 
5 .  The va lve  c los ing  the  t r a n s f e r  passage remains wi th  t h e  l a r g e r  
ba l loon  and occupies  t he  passage i n  t h e  top f i t t i n g  normally occupied 
by the  helium va lve .  On command i t  can be opened o r  c losed  i n  t he  
usua l  way, Fig.  3. 
6 .  A quick disconnect  f e a t u r e  i s  included with the  device t o  
al low t h e  l a r g e r  bal loon t o  be a t tached  t o  t he  i n f l a t e d  ( o r  u n i n f l a t e d )  
smal le r  ba l loon  by a  simple 15' t w i s t  and t i gh ten ing  12  b o l t s .  F igures  
3 ,  6 ,  and 8.  
7. The va lve  which s t a y s  wi th  the  main ba l loon  a f t e r  j e t t i s o n i n g  
t h e  smal le r  ba l loon  i s  i n i t i a l l y  assembled t o  t he  smaller  ba l loon .  
Since t h e r e  i s  no fo rce  appl ied  t o  t he  va lve  i t  i s  spr ing  loaded i n  t he  
c losed  p o s i t i o n  and s e a l s  t h e  base of t h e  smal le r  bal loon from ambient 
a i r  during i n f l a t i o n .  
Since a s i n g l e  po in t  mechanical connection i s  requi red  and the  
va lve  must be ac tua ted  by t h e  fo rce  appl ied  a t  t h i s  po in t ,  s eve ra l  
o therwise  d e s i r a b l e  types of va lves  a r e  d i f f i c u l t  t o  adapt t o  t he  r e -  
quirement. Flapper va lves ,  i r i s  va lves ,  o r  o t h e r  types whose motion 
i s  r o t a r y  would r e q u i r e  a  more complex fo rce  t ransmiss ion  arrangement 
than  the  poppet valve.  A poppet va lve  i s  used f o r  s i m p l i c i t y  s i n c e  
i t s  movement i s  c o l i n e a r  wi th  the  appl ied  f o r c e  and the  mechanical 
connection i s  e a s i l y  arranged i n  t he  cen te r  of t he  valve.  The poppet 
va lve  does,  however, c o n s t i t u t e  a  major flow obs t ruc t ion  during gas 
t r a n s f e r .  Since t h i s  obs t ruc t ion  can be minimized by proper design i t  
i s  f e l t  t h a t  t h e  t r ade -o f f  between obs t ruc t ion  and mechanical s impl ic -  
i t y  d e f i n i t e l y  favors  t he  poppet valve.  
Clamping p re s su re  of t he  va lve  on i t s  s e a t  must be c a r e f u l l y  
c o n t r o l l e d  f o r  r e l i a b l e  s ea l ing .  The l a r g e r  the  va lve  the  g r e a t e r  t h e  
s e a l  a r ea  wi th  a  consequent i nc rease  i n  requi red  clamping fo rce .  To 
al low t h e  use  of l i g h t e r  components and a  low-force duty cyc le  f o r  t h e  
ac tua t ing  motor a  clamping l inkage  i s  used t o  mu l t ip ly  the  normal 
a c t u a t i n g  f o r c e  during the  f i n a l  po r t ion  of the  c lo s ing  cyc le ,  Fig. 11. 
Since the  c los ing  fo rce  i s  appl ied  by a  spr ing  through t h e  
a c t u a t i n g  l inkage  a  s p e c i a l  cons tan t - force  spr ing  i s  used t o  e l imina te  
t h e  increas ing  f o r c e  g rad ien t  t h a t  would be c h a r a c t e r i s t i c  of t he  use  
of an ex tens ion  sp r ing ,  F ig .  12. The r e s u l t i n g  fo rce  g rad ien t  a t  t h e  
poppet valve i s  e s s e n t i a l l y  f l a t  throughout i t s  t r a v e l  except  near  
c lo s ing  where it inc reases  by the  mul t ip ly ing  e f f e c t  of t h e  l inkage ,  
F ig .  1. 
Duty cyc le  of t h e  va lve  motor i s  kep t  low by d r i v i n g  the  e n t i r e  
spr ing  c a r r i e r  throughout t he  t r a v e l  range of the  valve.  Except f o r  
clamping, when t h e  motor must open a  gap i n  t h e  spr ing  c a r r i e r  t o  ap- 
p l y  f u l l  spr ing  f o r c e  t o  t he  ac tua t ing  l inkage ,  t h e  motor opera tes  un- 
de r  a  l i g h t  load .  
F u l l  load  of t he  buoyant fo rce  i s  c a r r i e d  d i r e c t l y  from the s i n g l e  
po in t  attachment i n  t h e  cen te r  of t he  poppet va lve  outward t o  the  b a l -  
loon f i t t i n g  through fo ld ing  l i n k s .  These load-car ry ing  l i n k s  a r e  a r -  
ranged a s  para l le lograms t o  assure  s t r a i g h t - l i n e  motion of the  va lve  
(upper l i n k s ,  F ig .  1 1 ) .  Actuating l i n k s  a r e  n o t  subjec ted  t o  the  
buoyant force  (lower l i n k s ,  Fig.  11 ) .  
The por t ion  of t h e  assembly a t tached  t o  t he  base of t h e  smaller  
ba l loon  serves  a s  an attachment po in t  f o r  ground equipment r e s t r a i n i n g  
the  buoyant f o r c e  p r i o r  t o  launch. (No pro to type  of t h i s  assembly has  
been b u i l t , )  It provides two i n f l a t i o n  f i t t i n g s  with a  plenum chamber 
and d i f f u s e r  f o r  i n f l a t i o n  through the  base of t he  bal loon.  A cable  
harness  a t tached  d i r e c t l y  t o  the  end f i t t i n g  of t h e  ba l loon  c a r r i e s  
t h e  l i f t  forces  i n t o  t h e  s i n g l e  po in t  connection a t  t he  load c e l l  o r  
load separa tor .  The f a b r i c  t r a n s f e r  passage i s  banded around the  
f i t t i n g .  
PROTOTYPE HARDWARE 
Prototype hardware was designed t o  f i t  s tandard  end f i t t i n g s  i n  a  
tandem bal loon  system wi th  1,500 pounds gross  l i f t .  A l l  load  car ry ing  
members were s ized  f o r  a  s a f e t y  f a c t o r  of 10 and a i r c r a f t  q u a l i t y  h igh  
s t r e n g t h  f a s t e n e r s  were s p e c i f i e d  throughout f o r  weight savings and 
r e l i a b i l i t y .  
Valve s e a l i n g  (gaske t )  p re s su re  i s  88 p s i  us ing  a  spr ing  fo rce  of 
45 pounds, fo rce  m u l t i p l i c a t i o n  of 2 . 2  and va lve  s e a l i n g  a rea  of 1 .13  
square inches.  
Valve t r a v e l  i s  3 .0  inches when opened by e i t h e r  l i f t  f o rce  o r  
motor and minimum gas flow a r e a  i s  104 sq.  i n .  Opening and c los ing  
time i s  10 seconds when motor d r iven .  
Force-displacement c h a r a c t e r i s t i c  of the  valve i s  shown i n  Fig. 1 
f o r  both ca l cu la t ed  and a c t u a l  condi t ions .  I f  opening fo rce  drops be- 
low 0.9 t imes the  spr ing  fo rce  of 45 pounds, the va lve  w i l l  c l o se  
p o s i t i v e l y ,  prevent ing hunt ing o r  bouncing of the  va lve .  This a c t i o n  
may be used a s  an automatic j e t t i s o n i n g  method t o  back up e x t e r n a l  
command. I f  l i f t  f o rce  drops low enough t o  c l o s e  the  va lve ,  a  switch 
can sense va lve  c losu re  and a c t u a t e  the  j e t t i s o n i n g  c i r c u i t  while  t he  
launch bal loon s t i l l  has  enough f r e e  l i f t  t o  f l o a t  f r e e  of the  ascend- 
ing  l a r g e r  ba l loon .  
The photographs, F igs .  3 through 1 2 ,  i l l u s t r a t e  the  completed 
pro to type  hardware i n  va r ious  s t ages  of assembly. Only the  valve as-  
sembly i s  completed. The i n f l a t i o n  assembly which a t t a c h e s  t o  the  
base of t he  launch bal loon has  no t  been b u i l t  but  i s  a  s t r a igh t fo rward  
f a b r i c a t i o n  which should cause no d i f f i c u l t i e s .  A reduced s i z e  copy 
of the  design l ayou t  inc luding  both major assemblies  i s  included a s  
F ig .  2.  
TESTS 
Some sub-assembly t e s t s  have been completed, such a s  fo rce /  
displacement and genera l  func t ion ,  both by e x t e r n a l  ac tua t ion  and by 
' motor d r iv ing  . 
Most major t e s t i n g  remains t o  be done inc luding  gas f low/pressure 
drop,  thermal -vacuum and f  1 i g h t  t e s t i n g  . 
FLIGHT HARDWARE 
Scale-ups f o r  a c t u a l  f l i g h t  hardware should present  no problem 
provided the  l eng th  r a t i o s  of l inkages  a r e  preserved,  t he  va lve  s e a l -  
ing  pressure/clamping fo rce  i s  ca l cu la t ed  and appropr i a t e  adjustments 
made i n  spr ing  f o r c e  and motor c h a r a c t e r i s t i c s .  D i r ec t  scale-up i s  
discouraged;  a l l  p e r t i n e n t  s t r e s s  and flow c a l c u l a t i o n s  should be made . 
f o r  each new s i z e  and load r a t i n g .  
Computer programs BTOGLE and DTOGLE were developed t o  c a l c u l a t e  
l i nkage  geometry and t o  eva lua t e  changes i n  l inkage  l eng th  r a t i o s .  The 
programs and i n s t r u c t i o n s  f o r  t h e i r  use  w i l l  be made a v a i l a b l e  on 
r eques t .  


Figu re  3 .  Valve Assembly w i t h  Valve Open 
Figure 4. Valve Assembly Viewed from Below 
F i g u r e  5. Disassembly o f  Motor Drive  Unit 
Figure  6.  Housing and Quick Attachment Flanges 
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Figure  8.  Quick Attachment Flange 
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Figure 10. Motor Drive Unit 
Figure 11. Load and Actuating Linkages 
Figu re  1 2 .  Constant Force va lve  Spring 
